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ABSTRACT

The effect of several different fungicides on laboratory surfaces con-
taminated with the tissue phase of aerosolized Blastoynces dermatitidis,
Coccidioides iyrmitis, Cryptococcus neoformans, and Histoplasma capsulatum
was ascertained. A statistical analysis of the data shows the correlation
between fungi, surfaces, time, and concentration of disinfectant. All
fungicides were effective at established times and concentrations and the

type of contaminated surface affected the fungicidal efficacy. By inter-
polating pjnott'd Praphs. lahoratory personnel may determire, with a
given fungicide, the concentration and time required to disinfect instru-
ments, pipettes, gloves, bench tops and floors contaminated with the
tissue phase of pathogenic fungi.
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o INTRO DTCTION

Review of the literature hos revealed no report on Lhe ef.Lcacy of
disinfectants for laboratory surfaces contaminated with aerosolized patho-

genic fungi such as Blastomyces, Coccidioides, Crptococcus, and Histoplasma.

There seems to be no universally accepted test for fungal disinfectants.

The first well-known method of testing germicides employed silk threads

impregnated with isores of Bacilus anthracis., An improvement was made by
P 1 -il. T, IP-1 l. ' r TV q,,,l ,Qfl-,,r . ,dr -'r -'c4 ,no .r . t--;Il In ,q t - Tlio

phenol coefficient test is reconmended, but is not an official test of the

Food and Drug Administration. Phillips states that the xhenol coefficient
method is the one most widely used and misused. Reddish lists the limita-
tions of the phenol coefficient test as (a) limitation to phenol-like com-
pounds, (b) variability in resistance to the test culture, (c) necessity of

repeated tests to obtain a final phenol coefficient, and (d) difficulty in
obtaining consistent results. Stedman and co-workers regard much of the
controversy as arising from the innate complexity of the disinfecting
procedure resulting from the composition of the surface, the technique used

in applying the disinfectant, and the particular organism. Sykess sees no
future for the phenol coefficient type of test and believes that an entirely

fresh and untrammelled approach to the problem is needed. Rogers and co-
workers7 reviewed the various swabbing techniques, agar-contact methods,
rinslnp pror.osces. tracer techniques, and in-use testing and concluded, as

Walter" did, that the method that best serves the purpose of the individual

should be selected.

Testing a disinfectant on surfaces is not new; in fact it was the first
method used by Koch.' Different methods of using surfaces to evaluate
disinfectants have been reported.5 '9 - 16

In this investigation, the tissue phase of four fungi, Blastomyces
dermatitidis, Coccidioldes immitis, Cryptococcus neofor ns, and Histoplasma
capsulatum, was aerosolized on surfaces of five materials commonly used in

laboratories on the work bench, floor, or equipment. Aerosolization was
selected because an earlier study'7 demonstrated that many laboratory

mycological procedures create aerosols that may cause laboratory-acquired
infection.1 s

-
:
1
'
. Candidate fungicides were evaluated by concentration and

time for their ability to kill the fungi on different surfaces. This
study, as will a future study on cultural phases of the test fungi, attempts
to approximate conditions that may occur when infections aerosols are
created by mycological laburatory techniques. The aerosolized cell s or
spores settlea and iry on Lhe surfaces, Further investigation to evaluate the

action of these fungicides on the cultural phase will be reported at another
time.
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1i. MATERIALS AND METHODS

A. TEST FUNGI

Spherules of c_. jVMt (strain M-11) were grown by the method of ConverseP
and filtered by gravity through six layers of sterile surgical gauze to remove
trace amounts of hyphae. The Yeast cells of H. eapsulatum (strain 3021.),
B. dermatitidis (strain 311.0), and C. neoformans (strain C-i-in) were grown
in 50 milliliters of Pine's medium,n modified brain-heart infusion broth,*
and enriiched nutrient broti1;;, ruapecLiveiy. £uLiLy a.md va ili Ly o.f 0"--
fungi were ascertained by microscopic examination and serial dilution culture
prior to and after aerosolization and drying.

B. TEST SURFACES

The following materials (1.0-inch squares) were used in this investigation:
(a) wood painted with two coats of PlicoatA*k(b) glass, (c) stainless steel,
(d) neoprene, and (e) asphalt floor tile. The surface was cleaned with deter-
gent and water, thoroughly rinsed with distilled water, and dried. The stain-
less steel and glass surfaces were sterilized by autoclaving at 15 pounds of
pressure for 1.5 minutes. Painted wood, rubber, and asphalt tile surfaces
were sterilized with ethylene oxide.2'

C. GENERAL PROCEDURE

Oster and Golden 6 state that there are three basic conditions for a
fungicidal test: (a) contact of the fungus and fungicide for a limited time,
(b) complete removal of the fungicide from the fungus by a suitable wash,
and (c) the basic structure of the colony unaltered by the compound or test.

In the present investigation, 1.0-inch-square sections of test materials
were placed in an aerosol chamber (Figure 1). The test fungus was introduced
into the chamber with a Vaponefrin nebulizer**k** that had been modified to
produce fungal-bearing particles with diameters ranging from 1. to 30 microns.

Bacto brain-heart infusion broth (Difco Laboratories, DetroIt i, Michi-
gan), 37 grams; dextrose, 10 grams; and distilled water, I liter.
Autoclave at 15 pounds of pressure for 15 minutes.

** lBacto nutrient broth (Difco Laboratories, Detroit 1, Michigan), 8 grams;
thiamin hydrochloride, I gram; and distilled water, I liter. Auto-
clave at 15 pounds of pressure for 15 minutes.

*** Fisher Scientific Co., New York, N.Y.
**' Vaponefrin Company, Metuchen, New Jersey.



Figure Chamber Used for Aerosolizing Fungal
Particles. (FD Neg 6967)

After aerosolization, the residual aerosol was evacuated through a
fiberglass filter. Then dry sterile air was admitted to the chamber
to dry the seeded surfaces. No drying menstruum, which by its nature
can be expected to exert a greater or less degree of protection
against attack by the disinfectant,8 was used.

The test procedure is outlined in Figure 2. The seeded surface
was immersed in the disinfectant. A disinfectant should achieve
its objective in as short a time as possible, and a contact time of
not less than two nor more than ten minutes should be used.2b

Sykes regards five or ten minutes contact time too short and pre-
fers a 30-minute time with no advantage in prolonging the time
beyond 30 minutes. We chose times of 1, 5, 10, 20, 30, and 60
minutes so that at a given time and concentration the disinfecting
efficiency could be determined by graphic interpolation. At each
of the six selected times a sample surface was removed and immersed
for 30 seconds in 50 milliliters of au aqueous solution of a neutra-
lizer that was specific for the test disinfectant. The entire
surface sample was swabbed with a Calgiswab.* Calcium olginate
soluble wool was preferred to cotton, as Higgins showed that cotton
cotton did not recover as many organisms as did soluble wool. After
dissolving the Calgiswab in four milliliters of 1.0 per cent sodium
citrate, 0.5-milliliter aliquots of the resulting suspension were
plated in triplicate on appropriate media.

* Calcium alginate soluble wool. Consolidated Laboratories, Inc.,

Chicago Heigk~ts, Illinois.
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1, o assnoc: A,.ompl ot fo IoeYnF'ly 11f(Isigt aTet tha I: IamY havo o.
Tn.i.nucd on the. sveded su l-ace 1FtElOr swabbing, or may have wa hed otff i nto
the neuv[raltzing a.i tho surface was iimmersed in appropr.atoe bi-oh
and the neutralizi1ng solution was passed through a membrane fti.ter20 and
cultured by Gordon's technique. 21. Peti plates, tubes, and membrane fil-
tars were incubated at 37C for ten days. An exception to this was made
for H. capsulatum because Pine reported that on a blt ood medium3 1 at 270
to 30'C this organism would convert from yeast cells to myelial colonies
and better recovery would result.

A control was tested concurrently by immersing the seeded surface in
BLeLilC 0.85 pLiL celO saline and l., edig as WiLi a Le3L suriace. Aii
controls showed growth except for H. d. sulatum. Cysteine, 0.1 er cent,
was incorporated in the saline solution because Rowley and Huber re-
ported that this combination maintained the viability of H. capsulatum
yeast cells. With this modification, H. capsulatum grew in the controls.

D. SPECIAL PROCEDURES

For use in statistical analysis, as later described, an additional
set of tests was made employing C. neofornans (because it was the most
resistant of the four organisms to fungicides), asphalt tile (because it
was the most difficult to disinfect), four disinfectants (phenol,
"Cresylic," "Phenolic A," and "Iodenic"), at fungicidal concentrations of
.+, u.U, 1, A . J, 4.J 'i.O, U.0, tIU 1U PU uUaL, autud L L ,LIL UK U.J, 1.V,

1.5, 2.5, 4.0, 6.0, 10, 15, 25, 40, and 60 min.

E. CANDIDATE FUNGICIDES

(a) A liquid n-alkyl (50% C1 2 , 30% C 14 , 17% C1 6 , 3% C18 ) dimethyl
benzyl ammonium chloride (designated "Quat.").

(b) Ethyl alcohol

(c) Phenol

(d) Formaldehyde

(e) Peracetic acid

(f) Sodium hypochlorite

(g) A cresylic product (0.phenylphenol) containing soap and alcohol
(designated "Cresylic").

(h) A phenolic forrmulation containing o.-benzy]. p-chlorophenol, p-
tertiary amyl. phenol, and o--phenylphenol (designated "Plemnlic A").
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(1) A phoenolic formulation containing 2-benzyl p-chloroplhenate and
potior! tmi ricinolente (designated "Phenolic B").

(j) An iodophor containing polyethoxy polypropoxy ethanol-iodine com-
plex, and nonyl phenyl ether of polyethylene glycol--iodine complex (designated
"lodenic") .

The disinfectants were evaluated at concentrations of 0.1, 0.5, 1.0, 2.0,
5.0, and 10 per cent, with the exception of ethyl alcohol (30, 50, 70, and
90 per cent). The disinfectant concentrations were prepared on a volumetric
basis in distilled water, without regard for the specific gravitv. However,
"Quats" (50 per cent), formaldehyde (37 per cent), and peracetic acid (40

per cent) were prepared on an active ingredient basis. The disinfectants
were prepared immediately before use.

F. CULTURE MEDIA

The following media were used: (a) substrate for the membrane filter and
agar for plating the resulting suspensions of the dissolved Calgiswab, and
(b) liquid broth for incubation of the swabbed surface.

1. B. dermatitidis

a.. Substrate and Plating Medium

Bacto brain-heart infusion broth, 37 grams; dextrose, 10 grams;
agar, 20 grams; and distilled water, I liter. Autoclave at 15 pounds of

pressure for 15 minutes.

b. Broth Medium

Same as plating medium, without the addition of agar.

2. C. immitis

a. Substrate and Plating Medium

Bacto peptone, 10 grams; dextrose, 20 grams; and distilled water,

1 liter. Autoclave at 15 pounds of pressure for 15 minutes.

b. Broth Medium

Same as plating medium, without the addition of agar.

3. C. neoformans

a. Siibstrote and 1'lating Ywdiion

Im
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Bncto peptone, 10 grams; dextrose 20 grams ; and di-sti lLed water,1. 11Le. , Auioclave aL 15 pokuadks o. prossure for 15 mLIInutes,

. Broth Me odim

Same as plating medium, without the addition of agar.

4. 11.casutu

a. Substrate and Plating Medium
3
1

BOLGLL ,c-CtLitlO dWidt i, gr'ams; deXLrOse, 20 grams; calcium
pantothenate, 1.0 milligram; biotin, 0.5 milligram; and distilled water, I

liter. Adjust p11 to 6.5. Add agar, 20 grams. Autoclave at 15 pounds of
pressure for 15 minutes. Cool to 45 0C and add aseptically defibrinated

sheep blood, 60 milliliters.

b. Broth Medium

Bacto casamino acids, 10 grams; dextrose, 3 grams; yeast extract
dialysate, 3 grams; sodium chloride, 2.5 grams; cysteine hydrochloride, 0.5
gram; potassium chloride, 2.5 grams; disodium phosphate, 4 grams; and

distilled water to make 1 liter, Autoclave at 15 pounds of pressure for

20 minutes.

G. NEUTRALIZING SOLUTION FOR DISINFECTANTS

1. Cresylic, Phenolic A, Phenolic B , Formaldehyde, and Phenol

Broth medium for specific fungi (described in Section III F),plus
1.0 per cent Tween 80.*

2. lodenic, Sodium Hypochlorite, and Peracetic Acid

Specific broth media plus 0.5 per cent (dry weight) sodium
thiosulfate.

3. "Quat" and Ethyl Alcohol

Specific broth media plus 0.07 per cent azolectin dissolved in 0.5
per cent aqueous Tween 80.

In the three solutions listed above, the specific neutralizer was
added to the distilled watei used to prepare broth media.

* Tween 80 - polyoxyethylene sorbitan monooleate, Atlas Powder Company,

Wilmington, Delaware.

74U



Ill. STAT £S'fI(:AL EVAULATTION Y RESULTS

When tests are pcrformnd in which many factors are involved, it is
essential to standardardize or eltiinate variables to determine the rell-
ability of the test procedure. Because the seeded surfaces are necessarily
observed at specific Limes, the exact time required for disinfection could
not be estimated. Previous experience in statistical analysis of the
effect of disinfectants on bacterial aerosols has shown that when log
transformation is applied to concentration of disinfectant, responses of
the bacteria to the disinfecting process are often linearized. To best
the hypothesis that the regression of "time required tor disintection" on
"concentration of disinfectant" is linear in the log scale, samples of
disinfectants were observed at a greater number of times and concentrations,
as described in Sect:ion I1, D. Concentrations of 0.4, 0.6, 1.0, 1.5, 2.5,
4.0, 6.0, and 10 per cent were tested at 0.5, 1.0, 1.5, 2.5, 4.0, 6.0, 10,
15, 25, 40, and 60 minutes to give approximately equal intervals on the
log scale for both variables. Times and concentrations were converted to
logarithms, and for a given log concentration the corresponding log time
was estimated by linear interpolation between two or more log times for

which both positives and negatives resulted. For example, with 1.5 per
cent cresylic disinfectant all replications resulted in negatives at 60
minutes; three positives and one negative occurred at 40 minutes. It was
therefore assumed that the true time for disinfection is between 40 and 60
minutes. The following equation was used to determine the time required
for disinfecton:

Lot t =Log Lower t + ( No. of positives A Log t
LTotal observationq In 4 Log t

where A Log t = shortest log time in which all negatives occurred minus the
next shortest log time, in which at least one positive was observed. A
probability level of 0.01 permitted reasonable conclusions concerning the
homogeneity of slopes. It was concluded that: (a) regression for "time
required for disinfection" on "concentration of disinfectant" is accurately
represented as

y lOaXb or log Y = a + b (log X)

where Y " time required for disinfection
X = concentration of disinfectant,
a = intercept

b = slope

(b) the parameter b could he treated as constant over all disinfe:ant-ft'ng1'-

s,,rface combinations, and (c) the disinfectants eould..be ranked according to
cffectivenena iiji. terms of time with a given concentration of disinfectant.
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No ice (Figu ese 3 thryough 6) that this equt i on. d1es not apply to the

u.( of v thyl, aicohol. Thea'e curveen werve FiLtd by e.ye to observed results

rather than by any computed equal-:i.ol.

The data presented in Figures 1 through 4 are plotted in semilog scale
and rank the fineicidal efficiency with regard to time and concentration on

different laboratory surfaces

TN T flTqTYCqhTO OV PV'TTT.Tq

A. COMPARISON OF THE FOUR FUNGI

The tissue phases of B. dermatitidis, C. immitis, and H. capsulatum
react comparably when subjected to a given fungicide. However, when
C. neoformans is subjected to the same fungicide, a greater time is
required for disinfection. In all probability the capsule of C. neoformans
impedes the fungicide's penetrating the cell wall.

B. EFFECT OF THE SURFACE MATERIAL

The nt-P in Fiire- I through L fndieantp that whp.n time and concen-

tration of a fungicide are standardized, the nature of the test surface
determines the fungicidal efficiency. A disinfectant will behave differ-
ently on a hard, impervious surface such as glass or metal than it will on
rubber, and even more differently on a porous surface such as wood.6
Since there is no method of comparing the degree of porosity of test
surfaces,15 the surfaces were examined microscopically. It was determined
that the order of decreasing porosity was: asphalt tile, painted wood,
stainless steel, neoprene, and glass. The significant effect of surfaces
is well known. Stedman and co-workers16 state that higher concentrations
of disinfectants are required to disinfect porous surfaces than nonporous
surfaces in a given tite. They show that phenolic, cresylic, and quater-
nary disinfectants were more effective against Staphylococcus aureus spread
on stainless steel than on asphalt tile. Experiments show that a cresylic
disinfectant was more effective on Escherichia coli spread on glass, less
so on rubber, and least effective on asphalt tile.-7 Microorganisms were
more difficult to recover from unpainted oak surface than from stainless
steel..3  Vashkov and Nekrasova s report that painted wood surfaces were
disinfected more rapidly than unpainted wood surfaces when using
Staphylococcus aureus and E. cali.



I 6

'7 ii
/ p

I'
- 'I' *I'

~ -~

7/; ~ --- p
- -, ,-~'~i' .2 /

7,.

~7 /

__ L

0 Wi

11
1b11 0 .0

liii / .~

HI' A /4' A /7/;
,~~; jj':[/ A . '7.

I! - 7 ------- -- 7-,

III
// ----7

-C

~~77' /~/__.L ~ J~j0 ~



1.7

01i
/4

*ig
K. / I H

-- I4



18

Ii

ji; ~. /1 7 4-2.
Ill ~

/1/ ~

//

~1~!

77

-, 'Jig
__ __ . _ ___

-~- _ _ - __
-~ ~ ~-j

2 0 2

41 *I
lipi

I U 'I I, ~
~OZ2 // / I-*1 I ~

7/
0 // /'' jA 0

7 <2
-7 I

ii -~ ______ ____

~ - - *~1flI~VI *I0I *~VI~ 1

I

I

7



T.9

- 4aIc

Fw.

/ 1 4/
-- 7. 9 '-

- -/ ~ ZL

~~~1 -

-.4

Pi



q

20

C 

U

I

Al 
1 

~<A
In

/
'1

/
-'7sq~

Ii'!

11 

/1
.7;'!N.

-- 7

II

I
I
I
p



21.

I'..
4

I,1/ i //
/1 ~ A .~

1/ '-4

~47 1 1' f I
-~ ~~-2:?' I

- ->--- H
- --

a

"-4
I

U

/
/

4-I

4.4

/,/~f ~ I

L-~ /~ -i ~
7 ~

-- I
________ I-
,~w ~ Ia ~

U

I



22

I:s/ / -" ' " / ' II

Z113
--';; ' - -

- ... , . ..... .... ' r--- - ,-- -- v ....

V9

oz



23

g

I-

Ol

/ /

- .-- ;--

-i

U
9)

4~1 0

'4

r24



C. CORRELTATI ON WITHT PERTINEW.t REPORTS BY OTHERR INVESTI-cATVORS

Peracetic acid, quatornotrieco, lodenixc solut ions, and sodium hypocllorite
arc less effective when prepared on a volmtofiet basis Ac" 'V than when pre-
pared on a basis of active ingredients p-resent. ) fl4 Throughout this study,
peracetic acid and "Quat" wero prepared according to the anmount of active
ingredients present, The hypochlorltte and iodenic solutions were prepared
on a volumetric basis because the amount of active ingredient varies with
the manufacturer, and because in common laboratory disinfectant use the

.a1"-
4 on re"S e INI Qinnl 170 11o P oerI i dilution. To permit easier

comparison of the present results with those of other investigators, the
amount of active ingredient for these four fungicides is presented in Table

TABLE I. AUfIVE INGREDIENT AVAILABLE IN PPM OF TEST FUNGICIDES

Tested Per Cent Iodenic Quat Hypochiorite Peracetic Acid

0.1 16 500 52.5 400

0.5 80 2,500 262.5 2,000

1.0 160 5,000o 525.04,0

2.0 320 10,000 1050.0 8,1000

5.0 800 25,000 2625.0 20,I000

10.0 1,600 50,000 5250.0 40,000

Cantor and Shelantski& report indenic compounds to be more effective
against yeast than hypochlorite and quaternaries on a basis of active
ingredients present. DunnP found that in the test tube bne to two per
cent active-ingredient quaternary killed C. neoformans, Candida albicans, and
Saccharomyces cervisiae in ten minutes but not in five minutes. In one
minute, 0.025 per cent. peracetic acid is said to have killed completely a
conce-ntration of 42 x 106 p,. cli per mIn..4 4, In the present study, peracettc
acid was found to act on the fungi. so rapidly that t ime/concentrat ion rela-
tionships could not be c'learly plotted except with capsular C. neoformans on

three. surfaces.

Dunn 4 3 has shown that 1.0 per cent phenol did not kill C. alhicanB or C.
noformnu in live rniuns, but that 1. 0 per coilt- was a fecAt ye In ten
minut-es. Other investig~r I:r 4F report thnt 1. 0 per cenot kil].led C.
-Mbcans a~nd G. toisI in 30 minutes. \Jashkov and co-workr 4  Sat
that comfpound-a of' pkcno I nwihth- ~ i a ii' [i.Iaa oiton t th e
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hydroxyl group aro 10i:e 'ffoective thaii compotuindO in which hi.ogen ir in if:h
ortho position. ,tedrmn and co-workers5 

' state that cresylic and phenole
B difs Infectantn a re wmore effective than phenol, when vegetative. microorganisms
are dried on steel and tile surfaces. Other experiments4 CY resulted in a
fungicidal efficiency for a cresylic disinfectant of approximately two times
greater than phenol, and for phenolic B of approximately four times greater.
Our data (Figures I through 4) indicate that phenolic A is more effective
than cresylic or phenolic B disinfectant.

Formaldehyde in aqueous solution has been reported effective in two to,,0, 4 91 60
tive minuLLC agaikti C. , ca -. .

Ethyl alcohol has been the subject of conflicting reports. With vegeta-
tive bacteria dried on threads, concentrations of 40 to 70 per cent were germ-
icidal but 90 per cent was not. 61' With wet surfaces, 95 per cent ethyl
alcohol was effective, but with dry surfaces 70 per cent was betterF.,1

Our data (Figures 1 through 4) verify the findings of previously mentioned
experiments in regard to the action of ethyl alcohol on the tissue phase of
the test fungi air-dried on surfaces.
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V. SUWIARY OF RESULTS

Statistical analyses of the data in Figures 1. through 4, corrplating
the four fungi, five surfaces, and time and concentration indicate that
heterogeneity exists among the fungicides, and ranks them in order of
decreasing effectiveness as follows: (a) peracetic acid, (b) "Quat," (c)
iodenic and phenolic A, (d) formaldehyde, (e) phenolic B, (f) cresylic,

(g) phenol, (h) sodium hypochlorite, and (i) ethyl alcohol. However,
with the exception of the rapid activity of peracetic acid and "Quat," and
the greatly reduced activity of sodium hypochlorite and ethyl alcohol, the
fungicidal efficiency of the remaining fungicides is approximately equal
and they-can be substituted for each other. All the fungicides at a
proper time and concentration are effective. Laboratory personnel using

data in Figures 1 through 4 can, by interpolation, determine, with a given
fungicide, what time and concentration are required to disinfect instru-
ments, pipettes, gloves, and, in case of a laboratory accident, bench tops
and floors, when mycological procedures involve the tissue phase of
Blastomyces, Coccidioides, Cryptococcus, and Histolasma.
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